Context and Objective: Chinese men in Singapore have a higher incidence of hip fractures than Malay and Indian men. We investigated whether there were corresponding ethnic differences in peak bone mineral density (BMD) in young men and whether differences in body composition influenced peak BMD.
O steoporotic fracture in old age is associated with great disability and high mortality and represents a major public health concern affecting aging populations worldwide (1) . Singapore is one of the countries with a high risk of fractures in later life, especially hip fractures (2) . Singapore has a multiethnic population comprising Chinese, Malays, and Asian Indians, ethnic groups that are closely related to ethnic groups that comprise twothirds of the world's population. Interestingly, the different ethnic groups exhibit different rates of hip fracture. The adjusted fracture incidence rates (per 100,000 population) for Singapore were estimated to be 152 in men and 402 in women between 1991 and 1998 (3) for the overall population. However, Chinese men have an age-adjusted incidence of 168 fractures per 100,000 compared with 71 per 100,000 in Malays men and 128 per 100,000 in Asian Indian men. The corresponding rates in women are 410 per 100,000 in Chinese, 264 per 100,000 in Malays, and 361 per 100,000 in Asian Indians (3) .
Goh et al (4) , studying women between 20 to 59 years of age, did not find any significant difference in peak bone mineral density (BMD) at lumbar spine and femoral neck among the ethnic groups. However, there was significant bone loss between the second and fifth decade of life at the femoral neck in Chinese and Malay but not Indian women. There was no significant BMD loss at the lumbar spine between the second and fifth decades across all 3 ethnic groups. These findings suggest that in women, age-related bone loss, rather than peak bone mass, may partially explain the higher fracture rate in Chinese.
It is not clear whether peak bone mass or bone loss plays a role in the ethnic susceptibility to hip fractures in men. Cawthon et al (5) have recently shown that an accelerated decrease in hip BMD is associated with a significantly increased risk of fractures in American men aged 65 years and older. In contrast, other studies have shown that Asian men achieve plateauing of bone mineral acquisition (ie, peak BMD) earlier and have lower peak BMD than white men (6, 7) . A recent report from Singapore indicates that 1 of every 3 osteoporotic hip fractures occurs in men, and the median age for fracture is lower in men than in women. In addition, men aged 50 to 59 years had significantly lower femoral neck T-scores than women (8) . This finding indicates that there are important differences between the sexes in terms of fracture risk and causation. In this context, it would be relevant and interesting to examine differences between the ethnic groups in relation to peak BMD in men.
In addition, it is well known that body composition is related to BMD (9). High body weight or body mass index (BMI) is correlated positively with BMD (10 -12), whereas lower body weight is associated with lower BMD and higher risks of fracture (13) . Body weight comprises fat mass and lean mass, and the relative contribution of these 2 components to an individual's BMD is contentious. Several studies have found that increased lean mass is associated with increased BMD (14 -18) . The relationship between fat mass and BMD appears more complex, with positive (14, 15, 17, 19) as well as negative (16) and nil (20, 21) associations with BMD being reported in the literature.
Ethnic differences in body size and composition have also been reported in Singapore (22, 23) . In addition, the prevalence of obesity differs among the 3 ethnic groups, with a higher prevalence in Malays than in Indians and Chinese (24) . However, it is also possible that the different ethnic groups show differences in BMD irrespective of the level of obesity and that this could contribute to the ethnic differences in fracture incidence. Therefore, in this study, we investigated whether peak bone mass among Chinese, Malay, and Asian Indian men differed and whether body composition and fat distribution may play roles in these differences in BMD in this multiethnic population.
Materials and Methods

Participants
We recruited 262 healthy male volunteers, aged 21 to 40 years with BMI between 18.5 and 30 kg/m 2 . We excluded those taking medications long term, those with recent changes in or attempts to change body weight, those with recent changes in diet, those performing physical activity of more than 30 minutes per week, and those with recent investigational medicine use. This study was approved by the National Healthcare Group Domain Specific Review Board, and written informed consent was obtained from all participants.
All participants underwent detailed screening before recruitment, including review of medical history, general physical examination, measurement of TSH, and renal and liver profiling to exclude those with chronic illnesses. Recruited participants underwent interviews, anthropometric measurements, and biochemical and imaging investigations. Details of lifestyle (smoking, alcohol use, and others) were obtained by interviews. Height was measured (up to 0.1 cm) without shoes using a wall-mounted stadiometer. Weight was measured (up to 0.1 kg) in light clothing using the same digital scale (SECA model 803; SECA Deutschland). Participants were instructed to remove any objects such as keys and mobile phones before measurement.
All participants underwent dual-energy x-ray absorptiometry (DXA) to estimate body composition and bone density. The same densitometer (Hologic Discovery Wi densitometer; Hologic, Inc) was calibrated daily before subjects were scanned, including an automatic system test to verify proper operation of its x-ray subsystem and scanning of an anthropomorphic spine phantom for calibration and precision. The intrasubject coefficients of variation for BMD, lean mass, and fat mass were 1%, 1%, and 2.2% respectively. BMD was measured at the lumbar spine, left femoral neck, total left hip, and ultradistal radius. The latter was included as a non-weight-bearing site.
Fat areas were calculated using an in-house fat segmentation algorithm, validated previously with manual tracings in 8 subjects (25) . The algorithm first categorized the tissues into adipose and nonadipose tissues. Second, the adipose tissues were further classified into subcutaneous and visceral. The segmented sc adipose tissue (SAT) and visceral adipose tissue (VAT) areas from all slices were summed to give volume by tissue type, forming the basis for statistical analysis. The intrasubject coefficients of variation for VAT and SAT were 6.2% and 4.9%, respectively.
Statistical analysis
Means and SDs were used to describe and 1-way ANOVA to compare participant characteristics with post hoc comparisons using the Bonferroni correction. BMD, bone area, and bone mineral content (BMC) at the lumbar spine (L1-L4), left femoral neck, total left hip, and ultradistal radius were the dependent variables considered. Normality was confirmed using the Shapiro-Wilk test, and nonnormally distributed variables (SAT and VAT) were log-transformed. The associations between ethnicity, body composition, and bone parameters were examined in various linear regression models. Ethnicity was coded using dummy variables with Chinese as the reference group (Malay, coded as Malay ϭ 1 and others ϭ 0; Indian, coded as Indian ϭ 1 and others ϭ 0). All regression results are reported as unstandardized regression coefficients (B Ϯ SE).We measured BMD using DXA, which measures areal BMD and is calculated from BMC and bone area. Areal BMD is based on the 2-dimensional projected area of the bone, which is a 3-dimensional structure. DXA cannot account for the depth of the bone because the x-ray beam is in the same direction as the depth (26) . Because of this issue, skeletal size can affect DXA-derived BMD. Specifically, individuals with smaller bones will have lower areal BMD assessed by DXA than individuals with larger bones, even if the volumetric BMD is the same. Because larger skeletal size is associated with greater weight/soft tissue mass, measurements need to be corrected for skeletal size to avoid overestimation of the relationship between lean mass and BMD. For this reason, all regression analyses were adjusted for age and height as a measure of skeletal size. All regressions were repeated using wrist diameter or knee diameter as a measure of skeletal size instead of height, and the associations did not change compared with use of height (data not shown).
Furthermore, some investigators have attempted to separate the effects of fat mass and weight by including both variables in the model, which can generate imprecise estimates of effects and generate invalid results due to substantial collinearity (27) . A similar issue arises if the percentage of fat mass or lean mass is used, because the percentage is based on weight (which is highly correlated with fat mass and lean mass). For example, in our study, we observed the following correlations: weight and lean mass, 0.85; weight and fat mass, 0.86; lean and fat mass, 0.47; weight and percentage lean mass, 0.66; weight and percentage fat mass, 0.66; and percentage lean mass and percentage fat mass, 0.99. Therefore, we used absolute values for lean mass and fat mass to avoid collinearity when studying associations with BMD. Regression models examining associations between ab-dominal fat measures (VAT and SAT) and bone parameters were adjusted for age, height, and lean mass.
All statistical tests were 2-sided, with values of P Ͻ .05 being considered significant. Statistical analysis was performed using Stata 10 for Windows software (Stata Corporation).
Results
A total of 262 male subjects had complete anthropometric and DXA data. Table 1 shows the baseline characteristics of the study participants. Indians were slightly younger and taller, whereas Chinese had lower BMI and fat mass than the other ethnic groups. Chinese had significantly lower BMD than the other ethnic groups, even after adjustment for age and height.
We also calculated the volumetric BMD (bone mineral apparent density, BMAD) based on the formula of Katzman et al (28) . This calculation showed that BMAD was lower in the lumbar spine in Chinese (P Ͻ .001 than in Malays or Indians). At the hip, BMAD was also lower in Chinese, but this value did not reach statistical significance. Lean mass was positively associated with BMD, BMC, and bone area at all sites ( Table 2 ). Based on the regression models, individuals with 1 kg more of lean mass exhibited 7.0 Ϯ 1.0 ϫ 10 Ϫ3 g/cm 2 higher BMD at the lumbar spine, 1.2 Ϯ 2.0 ϫ 10 Ϫ3 g/cm 2 at the femoral neck, and 1.1 Ϯ 2.0 ϫ 10 Ϫ3 g/cm 2 at the hip. Lean mass explained 13% of the variance in BMD at the femoral neck and hip, 12% at the ultradistal radius, and 6% at the lumbar spine.
Fat mass was negatively associated with BMC at the lumbar spine, femoral neck, and hip. However, this was accompanied by smaller bone area, such that there was no difference in BMD at any of these sites. Fat mass did not show a statistically significant association with any bone parameters at the ultradistal radial location.
Adjustment for lean and fat mass attenuated the differences in BMD between Chinese and Malays. However, the differences remained statistically significant for most of the sites except at the femoral neck. When Chinese were compared with Indians, adjustments for lean and fat mass had no impact on the association between BMD and ethnicity, except at the ultradistal radius where the association was attenuated and became statistically nonsignificant. We also looked for possible interaction effects between ethnicity and body composition measures on bone and found that associations between body composition and bone parameters were not modified by ethnicity except at the ultradistal radius (Supplemental Table 1 published on The Endocrine Society's Journals Online web site at http://jcem.endojournals.org.). As shown in Figure 1A , ethnicity modified the association between lean mass and ultradistal radial BMD, such that Malays had higher BMD than Chinese for the same amount of lean mass (P ϭ .001).Associations between body composition and bone parameters were also similar when separate regressions were performed within each ethnic group (Supplemental Table 2 ). Further adjustment for smoking, alcohol use, and birth weight did not materially change the results (Supplemental Table 3 ), and none of these terms, in themselves, were significantly associated with BMD in the model. Similar to total fat mass, VAT and SAT were also not significantly associated with BMD at any site but were negatively associated with BMC and bone area ( Table 3 ). We also looked for possible interactions between VAT and SAT with ethnicity (Supplemental Table 1 ), and the only significant interaction was between SAT and ethnicity for ultradistal radius bone area, for which Indians had significantly larger bone area for the same volume of SAT (logtransformed) than Malays (P ϭ .023)and Chinese (P ϭ .012) ( Figure 1B ).
Discussion
We found significantly lower BMD at the lumbar spine, femoral neck, and hip for Chinese men than for Malay and Indian men, even after adjustment for skeletal size and body composition. Given that hip fracture rates in later life are also higher in this ethnic group (3), our findings indicate that differential bone accumulation might be partly responsible for the increased fracture risk. This result is in contrast with what has been reported previously in Singaporean women, for whom there were no ethnic differences in peak bone mass in young adulthood, only in bone attrition rates (4) . Racial/ethnic and sex differences in BMD and bone structure have been reported from other populations, from childhood to adulthood (6, 29 -31) . Women experience an accelerated decline in BMD with age, unlike men (32, 33) , because of loss of estrogenic support in the postmenopausal phase, so it is possible that ethnic differences get exaggerated or become significant during this phase of increased bone loss. Using National Health and Nutrition Examination Survey data from 1999 to 2004, Looker et al (34) reported that there was no significant difference in total body BMD between non-Hispanic and Mexican women younger than 50 years of age, whereas there was a significant difference between women older than 50 years of age. In contrast, non-Hispanic white men had significantly higher total body BMD than Mexican Americans of all age groups. This result suggests a sex difference in the effect of ethnicity. However, because we included only men and there may be methodological differences between the previous study we cite and our study, further research is needed to better elucidate these sex and ethnicity effects on BMD.
We also found that lean mass was an independent and strong predictor of peak bone density at all sites assessed. Gjesdal et al (14) reported an increase in femoral neck BMD of 0.08 g/cm 2 with every 10-kg increase in lean mass in both men and women. Similar associations between 
4520
Yang et al Ethnicity, Body Composition, and BMD J Clin Endocrinol Metab, November 2013, 98(11):4516 -4523 lean mass and BMD have been reported from diverse population, sex, and age groups (15, 17, 18) .The magnitude of association we report between lean mass and BMD is very similar, ranging from 0.07 to 0.10 g/cm 2 for each 10-kg increase in lean mass in all 3 ethnic groups. A possible basis for this is the increased mechanical loading to the skeletal system via muscular strength and activity. Furthermore, the correlation between lean mass and BMD is stronger at the hip, which is consistent with previous studies showing that mechanical loading may have a greater impact at the hip than at the spine and the wrist (35, 36) . As mentioned earlier, previous studies have reported both positive (14, 17) and negative or nil (16, 21) association of fat mass with BMD. Fat mass adds to the mechanical loading on the bone and is associated with the following metabolic effects, which might potentially be beneficial to bone mass: it provides aromatase activity that converts testosterone to estradiol and it is associated with insulin resistance and ␤-cell hypersecretion that increases insulin and amylin. Insulin reduces SHBG production and hence increases free sex hormones, which in turn stimulate osteoblastic activity. Amylin stimulates osteoblastic proliferation (9, 27) . On the other hand, fat is also associated with more sedentary behavior and less stimulation of osteogenesis. Furthermore, adipose tissue is metabolically active and produces endocrine and paracrine factors such as leptin, aromatase, adiponectin, and proinflammatory factors that may adversely affect bone health (16, 37, 38) . However, we found that fat mass had no significant association with BMD at any site. Several studies also suggested that the relationship between fat mass and BMD is sex specific, such that a stronger association is found between fat mass and BMD in women than in men (39 -41) . This could explain the lack of association observed in our study. In addition, fat mass had significant inverse associations with BMC and bone area at weight-bearing sites, so it is possible that fat influences bone structure in ways that are not captured by areal BMD.
The complex relationship between fat and bone may also depend on the pattern of regional fat deposition. Some studies have reported a negative association between abdominal adipose tissue, using waist to hip radio as an anthropometric index of abdominal VAT and bone mass (42) . Gilsanz et al (43) reported opposite effects of SAT and VAT on appendicular skeleton bone parameters in young women in whom SAT is beneficial to bone structure and strength but VAT is associated with negative effects on bone. Bredella et al (44) reported that VAT and bone marrow fat were negatively associated with the distal radius microarchitecture and mechanical properties in obese men. Recently, Ng et al (45) reported that in younger men (aged 21-49 years), VAT was negatively associated with computed tomography-measured volumetric BMD (vBMD), cortical thickness, and trabecular microstructure at the ultradistal radius and with lumbar spine vBMD and femoral cortical vBMD. From the same study, in contrast to the negative correlation between the VAT to SAT ratio and the femoral neck vBMD in younger men, the VAT to SAT ratio was positively correlated with femoral neck vBMD in older men (45) . In contrast, we found no statistically significant associations between VAT, SAT, and BMD in our population. This result could be due to differences in the populations studied and to differences in the parameters compared. Gilsanz Given that fat seems to be more important for bone health in women (39 -41) , it is possible that greater levels of adiposity are necessary in men to unmask these relationships. In addition, previous studies examined associations with measures of bone health different from those we examined in our study. The peripheral quantitative computed tomography measures reported by Bredella et al (44) have been reported to correlate with conventional BMD measures of the central skeleton (46) , and the mechanical properties (polar moment, maximum, and minimum principal moments) reported by Gilsanz et al (43) may have implications for the ability of bone to withstand stress (47) . Ng et al (45) , by using high-resolution peripheral quantitative computed tomography, were able to measure bone microstructural parameters and differentiate between the cortical and trabecular compartments, which we did not capture. Given that VAT and SAT were significantly associated inversely with BMC and bone area at the lumbar spine and hip, it is possible that inclusion of structural properties and volumetric BMD may have better delineated the role of these fat depots on bone.
The strength of this study is that this is one of the few studies to focus on accurate assessment of bone and soft tissue composition in young healthy men and to demonstrate ethnic differences in peak bone mass in Asian men. There are some limitations as well. The study had a relatively small sample size. This was a cross-sectional study; thus, we were not able to study causal relationships. We did not fully record heritable or developmental influences (eg, levels of physical activity during childhood and adolescence) that may influence bone acquisition between ethnic groups (48, 49) . However, all our participants had no history of significant chronic medical illnesses that require prolonged hospitalization during childhood and no evidence of chronic illness during screening. Although we identified a significant association between ethnicity and BMD, we have no mechanistic explanations for the observed differences. We focused on BMD as the main measure of bone strength, which is a well-validated predictor of fracture risk. However, we do recognize that bone fragility and fracture risk are governed not only by bone mass but also by bone quality, which may be assessed by imaging of bone microarchitecture, which is a limitation of our study. Finally, the exclusion of individuals with BMI Ͼ30 kg/m 2 may result in an underestimate of the impact that fat mass may have on BMD. Having said that, only 12% of the men between 18 and 69 years have BMI Ͼ30 kg/m 2 (24) , and therefore we believe that our findings are generalizable to most of our population.
In conclusion, the bone mineral densities at the lumbar spine, femoral neck, and hip are significantly lower in young Chinese men than in Malay or Indian men. This might lead to a higher hip fracture rate among Chinese men at a later age. Lean mass is the main determinant of peak bone density in this population, whereas fat quantity and distribution does not influence bone density. This finding suggests that interventions to increase lean mass may be important to improve bone density. Further study is needed to identify factors that may underlie the observed ethnic differences in the BMD to provide information on potential interventions in improving bone health and reducing fracture risk in the ethnic groups studied.
